The viability of modern open science norms and practices depend on public disclosure of new knowledge, methods, and materials. Aggregate data from the OECD show a broad shift in the institutional financing structure that supports academic research from public to private sponsorship. This paper examines the relationship between industry sponsorship and restrictions on disclosure using individual-level data on German academic researchers. Accounting for selfselection into extramural sponsorship, our evidence strongly supports the perspective that industry sponsorship jeopardizes public disclosure of academic research.
Introduction
Long-run trends suggest a broad shift is taking place in the institutional financing structure that supports academic research. According to data compiled by the OECD, industry sources are financing a growing share of academic research while "core" public funding is generally shrinking.
1 This ongoing shift from public to private sponsorship is a cause for concern because these sponsorship relationships are fundamentally different.
Available evidence suggests that industry financing does not simply replace dwindling public money, but imposes additional restrictions on academic researchers. In particular, industry sponsors frequently limit disclosure of research findings, methods, or materials by delaying or banning public release (Blumenthal et al. 1996; Cohen et al. 1998; Gans and Murray 2011; .
Recent economic research highlights why public disclosure of academic research is important. Disclosure permits the stock of public knowledge to be cumulative, accessible, and reliable. It limits duplication of research efforts, allows new knowledge to be replicated and verified by professional peers, and permits access and use by other researchers which enhances opportunities for complementary research (Dasgupta and David 1994) . In recent work, Murray et al. (2009) found that greater access to ideas and materials in academic research not only increased incentives for direct follow-on research, but led to an increase in the diversity of research by increasing the number of experimental research lines. Mukherjee and Stern (2009) , who examined the theoretical conditions supporting "open science" versus "secrecy", stressed that maintaining and growing the stock of public knowledge requires a limit on the private financial returns obtained through secrecy.
1 OECD data show the share of industry sponsorship has grown in all countries since 1980, although this share is still relatively small. General university funds ("core" funds) as a share of civilian government budget appropriations fell from 26% in 1995 to 23% in 2007 (OECD, Main Science and Technology Indicators, 2010 . This paper examines the relationship between industry sponsorship and restrictions on publication disclosure using individual-level data on German academic researchers.
Germany is an apt setting for examining this relationship. It has a strong tradition of public financial support for academic research and, among advanced economies, Germany experienced the most dramatic growth in its share of industry sponsorship, a 13.4 percentage point increase from 1995 to 2007 (OECD 2010) .
German academic researchers were surveyed about the degree of publication disclosure restrictions experienced during research projects sponsored by government, foundations, industry and other sources. To examine if industry sponsorship jeopardizes disclosure of academic research, we modeled the degree of restrictiveness (i.e. delay and secrecy) as a function of the researcher's budget share financed by industry. This formulation allows us to examine two potential effects of industry sponsored research contracts. The first is an adoption effect that takes place when academic researchers commit to industry funding. The second is an intensity effect that captures how publication restrictions depend on the researcher's exposure to greater ex post review and evaluation by industry sponsors. Our models include covariates that control for non-industry extramural sponsorship, personal characteristics, research characteristics, institutional affiliations, and scientific fields of study.
Both the descriptive and regression results show a positive relationship between the degree of publication restrictions and industry sponsorship. The percentage of respondents who reported higher secrecy (partial or full) is significantly larger for industry sponsored researchers than it is for researchers with other extramural sponsors, 41% and 7% respectively. Controlling for selection, adopting industry sponsorship more than doubles the expected probabilities of publication delay and secrecy. The intensity effect is positive and significant with a larger effect on publication secrecy than on publication delay when academic researchers become heavily supported by industrial firms. These results are robust to the possibility that researchers self-select into extramural sponsorship and to the possibility that the share of industry sponsorship is endogenous due to unobserved variables.
Based on our analysis, the shift from public to private sponsorship seen in the OECD aggregate data reflects changes in the microeconomic environment shaping incentives for disclosure by academic researchers. On average, academic researchers are willing to restrict disclosure in exchange for financial support by industry sponsors. Our results shed light on an important challenge facing policymakers. Understanding the trade-off between public and private sponsorship of academic research involves gauging the impact of disclosure restrictions on the quantity, quality, and evolution of academic research to better understand how these restrictions may ultimately influence innovation and economic growth.
The rest of the paper is organized as follows. The next section summarizes the current literature on sponsorship of academic research. The researcher-level data, estimation issues and methods are discussed in section 3. The results and concluding remarks appear in sections 4 and 5, respectively.
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Sponsorship of Academic Research
More than a simple transfer of funds, sponsorship of academic research involves contractual relationships that often specify the nature, ownership, and control rights for research findings, methods, or materials (Noll and Rogerson 1998; Geuna 2001; Gans and Murray 2011) . While these contracts are necessarily "incomplete" due to a number of informational problems, they reflect negotiated outcomes between sponsors and researchers that can have far reaching implications for the conduct and nature of academic research.
Historically, as argued by David (2004) In a recent paper, Gans and Murray (2011) summarize the selection and disclosure criteria used by public and private sponsors of academic research and offer a theoretical framework for understanding how conditions associated with public sponsorship may influence the mix and openness of those projects. 3 As part of this effort, they collected data from twenty major U.S. universities on the contract terms offered to industrial sponsors in 2 Open science is broadly associated with universities and other not-for-profit research institutions that practice the "priority" reward system and support the professional ethos associated with the community of academic scientists as articulated by sociologist Robert K. Merton (see, for instance, Merton 1973; Dasgupta and David 1994; Stephan 1996) . David (2004) highlights the norms of "universalism" (open entry and discourse) and "communism" (full and open disclosure) as particularly relevant to openness.
3 Gans et al. (2010) use a theoretical model to examine alternative forms of disclosure under private industry sponsorship. For instance, they consider whether results are disclosed through patenting, publishing, or patent-paper pairs.
single-sponsor research agreements. They found notable heterogeneity in the provisions governing publication restrictions. For the sixteen universities that included any such provisions, pre-publication review periods and delay extensions were highly variable across contracts. The majority of contracts allowed the industrial sponsor to review and restrict disclosure of information designated as confidential, although five university contracts appeared to allow "full disclosure".
Other researchers have surveyed private firms about the characteristics of sponsored research contracts with academics. 4 Based on survey responses from 210 life science companies, Blumenthal et al. (1996b) found evidence of both publication delay and secrecy (nondisclosure) restrictions on information resulting from academic research. For instance, fifty-eight percent of the companies typically required researchers to keep information confidential for more than six months. Using survey responses from 112 firms engaged in university licensing, reported that ninety percent of the university contracts included publication delay clauses.
Another approach, which is followed in this paper, is to ask academic researchers about any disclosure restrictions they experienced when undertaking extramurally sponsored research from any source. We found six studies that used researcher-level survey data to shed light on the relationship between industry sponsorship and disclosure. In five of these studies, Blumenthal and colleagues described the results of three separate life science faculty surveys conducted between 1985 and 2000 (Blumenthal et al.1986 (Blumenthal et al. , 1996a (Blumenthal et al. , b, 1997 (Blumenthal et al. , 2006 Campbell et al. 2000) . Their findings show that researchers with at least one industry sponsored project are more likely to report industry ownership of research results, pre-publication review, publication delays, and secrecy to protect proprietary information.
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Taking a slightly different perspective, Hong and Walsh (2009) ask researchers how "safe" they feel about discussing their current work with non-collaborating colleagues. For their full sample, academic researchers with at least one industry sponsored project were more likely to feel "unsafe" (interpreted as being more secretive).
Overall, this literature suggests that academic researchers who adopt industry sponsorship experience greater publication restrictions through both delay and secrecy relative to unsponsored researchers or researchers who have non-industrial sponsors. In other words, the literature focuses on the "adoption effect" for those scientists who become industry sponsored by using a dummy variable specification indicating the receipt of industrial funds. The implicit assumption is that once a scientist signs the industrial sponsorship agreement, he or she has committed to the disclosure restrictions contained therein and the financial amount received from the industrial sponsor(s) is immaterial.
However, this assumption may be too simple to fully capture the influence of industrial sponsors on the disclosure of academic research. Sponsorship contracts are incomplete due to information problems stemming from the inherent uncertainty about the nature and value of research outcomes (Noll and Rogerson 1998) . With incomplete contracts, publication delay and secrecy restrictions are at least partially determined ex post by industrial sponsors. For instance, as was described by Gans and Murray (2011) , prepublication review and the designation of confidential information frequently take place after research outcomes are known. Industrial sponsors have some flexibility to hold up publication or prevent disclosure when they evaluate research outcomes as commercially valuable. In this way, publication delay and secrecy should increase with the scientists' financial share of industrial sponsorship because this share reflects their exposure to greater ex post review and evaluation, an "intensity effect".
Our analysis extends the literature in three primary ways. First, we expand the scope of evidence by analyzing academic researchers who work outside the United States in a broader set of scientific fields and institutional settings. All of the prior work analyzing how industry sponsorship influences disclosure looked at U.S. researchers working in a handful of scientific fields at American universities. Second, our analysis uses the budget share of industry sponsorship instead of a dummy variable formulation. With this specification, we are able to examine the intensity effect associated with greater exposure to ex post review and evaluation due to incomplete contracting. In line with prior work, we also examine the adoption effect for those scientists who would switch to industrial sponsored research. This effect is given by the difference in the expected probability of disclosure restrictions between academic scientists with and without industry sponsorship. Third, our empirical analysis is the first to address potential selection by academic researchers into extramural sponsorship.
Data and Methods
Data
To analyze the relationship between industry sponsorship and disclosure restrictions on publications we used a researcher-level database. Combining the register data with those from the internet searches led to an available sample frame of 16,269 scientists whose e-mail addresses were known. In total, we obtained 2,797 responses with at least one question completed. After dropping observations with missing values for the variables of interest in this study, we end up with a final sample of 1,060 observations.
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To evaluate the representativeness of our sample, we obtained data from the Federal Statistical Office on the population distribution of public research scientists across institutional categories (universities and PROs), discipline, gender, and age groups. In line with the classification used by the German Science Foundation, we grouped our sample scientists into four scientific disciplines: life sciences, natural sciences, engineering, and social sciences/humanities. The official population shares and our final sample shares by discipline, gender, and age group are reported in Table 1 . For the science disciplines there is 7 Major research institutions in Germany are not only universities but other public research institutions that have many branches in a variety of different scientific disciplines. For instance, the Fraunhofer Society has 59 institutes in Germany with about 17,000 employees, the Max Planck Society has 76 institutes with about 12,000 employees. The Leibniz Association employs 16,100 people in 86 research centres.The Helmholtz Association has about 30,000 employees in 16 research centres. University professors are frequently heads of research groups at these institutions, i.e. they have a university affiliation but are typically on leave full-time when working with the research institutes. 8 The discrepancy between the number of responses and observations used in this study is explained by three different reasons: a) as is common in online surveys, several potential respondents logged in (thus they are counted as 'response' by the online database), but they did actually not answer any or not more than a few questions; b) the survey was initially conducted on behalf of the German Federal Government for analyzing the participation of public science researchers in the EU's 6th Framework Programme. Therefore the first part of the survey is dedicated to FP6, and the broader questions used in this study were asked in the second part of the survey. As a result, many respondents did not complete all necessary modules under consideration here. Only about 1,400 people filled in the entire questionnaire; c) the remaining 1,400 observations had some item nonresponse. After eliminating such observations, we end up with our final sample of 1,060 scientists. As this response pattern raises some concern about the representativeness of the sample, we checked the robustness of our findings by using population weighted regression models. As reported in the text, our regression results do not change substantively. a fairly good match between our sample and the population, but the gender and age group distributions are notably different. Our sample has about 5.3% more life scientists and about 3.2% fewer social science/humanities researchers than the overall population. The other science disciplines are close, especially for engineering. The Federal Statistical Office reports that 31.5% of all German scientists are females and this suggests our sample underrepresents females in the population. Age groups also show some big differences. The youngest age group (less than 35 years old) is strongly under-represented while scientists in the 45 to 65 year old age groups are over-represented. The differences shown in Table 1 suggest our sample does not adequately represent all segments of the German scientist population. To assess the quantitative importance of these differences we re-estimated our regression models reported in Section 4 using population weights to correct for any over or under-sampling contained in our data. Using information from the Federal Statistical Office, we constructed three different population stratification schemes and calculated population weights based on the number of researchers. In the weighted regressions, the coefficient estimates were generally larger in magnitude and had the same sign and level of statistical significance as the results presented in Section 4.
Overall our findings on publication restrictions are not sensitive to the observed differences between our sample and the population. (These regression results are available from the authors.) Of course, the weighted regressions do not rule out item response bias, which is always a potential problem with survey data. This caveat should be kept in mind when interpreting the results.
The dependent variable is drawn from a question that asked respondents to indicate the degree of disclosure restrictions on publications resulting from any extramural sponsorship. For the empirical analysis, we considered three alternative dependent variables based on this question. The first is a dummy variable indicating the researcher experienced any publication delay or secrecy due to extramural funding. This binary variable takes the value of one if the respondent indicated "yes" to any of the outcomes. For ease of exposition, the The main explanatory variable in the analysis is the share of the researcher's extramural budget funded by private industry sponsors. As described in Section 2, the budget share will capture both the adoption and intensity effects. This variable was constructed using two survey questions. The first question asked the researcher to report his or her total We used a number of other variables collected through the survey as controls or instrumental variables in the empirical analysis. These variables are grouped into four categories: research characteristics, personal characteristics, institutional affiliations, and scientific fields of study. Research characteristics relate to the individual's position at the research institution, his or her total extramural funding, publications, patent applications, whether the scientist consults with industry, and his or her opinion about the peer review process. Personal characteristics include the individual's age and gender, and whether he or she is tenured. Institutional affiliations cover universities, the four major not-for-profit public research institutions, and a residual group for all other affiliations. As mentioned above, the researchers were grouped into four broad scientific fields specified as life sciences, natural sciences, engineering, and social sciences/humanities.
Methods
In the ideal case, we would use an experimental design to identify the causal effect of industry sponsorship on publication disclosure by academic researchers. For instance, one might randomly assign industry sponsorship to academic researchers, allow for negotiation and research, and observe ex post changes in disclosure. This type of experiment would eliminate any bias due to self-section by academic researchers into funding from factors such as their preferences for disclosure or their need to rely on extramural funding. Our survey data, however, were not collected using a randomized experimental design. With our data, we only observe whether or not an academic researcher has public or private extramural sponsorship and this suggests Probit estimators could be biased by self-selection. Academic researchers who received extramural funding are probably different from those who did not receive funding. For instance, researchers who are less concerned about disclosure or perform more "applied" research may be more willing to accept extramural sponsorship that imposes disclosure restrictions. 9 This would lead to an upward bias. To address this possibility, our empirical analysis includes Probit models accounting for selection into extramural funding. In these models, the academic researcher's age and gender serve as exclusion restrictions that predict the receipt of extramural funding, but do not influence the researcher's disclosure outcome. These exclusion restrictions are supported statistically.
Neither gender nor age significantly influence disclosure restrictions on publications once other factors are held constant.
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While our survey data provide fairly rich researcher-level information, we do not observe the researcher's perception of scientific competition within his or her field. Current studies find that greater scientific competition is associated with greater secrecy (Hong and Walsh 2009; Haeussler 2011) . Relevant for this analysis, however, is the relationship 9 Define Y 0i as the non-disclosure (or secrecy) outcome for academic researcher i in the state of not receiving extramural funding and define D i as the funding indicator: D i =1 when funded and D i =0 when not funded. Selection bias is positive when those who actually received funding value non-disclosure more in the unfunded state:
In addition to being statistically valid, other research on academic sharing behaviors and attitudes toward cooperation with private firms do not find gender to be significant (Haeussler 2011; Audretsch et al. 2010) . Haeussler (2011) finds that a researcher's age decreases the percent of requested information that is shared.
between scientific competition and extramural sponsorship. Scientific competition may either increase or decrease the attractiveness of extramural sponsorship. On the one hand, researchers feeling intense competition for priority may be less willing to accept third party disclosure restrictions. On the other hand, extramural sponsorship may provide financial resources that help the researcher get work done faster. The direction of potential bias could go either way. In our analysis, we included scientific field dummy variables to capture differences in the level of scientific competition across fields. To conserve space, standard descriptive statistics for the variables used in the regression models are reported in Table A.1 of the appendix. (Grimpe, 2012) . 11 On average, researchers with any industry sponsorship had larger research budgets, published more in journals, applied for more patents, and had more consulting arrangements with industry. Personal characteristics of researchers were similar except for a significant drop in the proportion of females for the group of industry sponsored researchers. A greater proportion of university and Fraunhofer 11 This is also the case in the U.S. as reported by Mansfield (1995) .
Results
Main results
affiliated researchers reported industry sponsorship while the proportion of industry sponsored researchers is quite small for affiliates of the Max Planck Society, which is strongly oriented toward basic research. Among the science fields, industry sponsorship was greatest in engineering. Next we examined the average values of the covariates for different levels of restriction (no delay or secrecy, delay, partial or full secrecy) grouped by extramural, industry, and non-industry sponsorship as shown in Table 3 . Out of the 341 respondents that reported some industry sponsorship, 50% reported no delay or secrecy on publications, 9%
reported a delay, and 41% reported a partial or full secrecy on publications. The percentage of respondents who reported the higher secrecy (partial or full) is significantly larger (at the 1% level) for industry sponsored researchers than it is for researchers with non-industry sponsorship, 41% and 7% respectively. The positive association between industry share and level of secrecy is already evident in Table 3 . As one looks across the columns from no restrictions (no delay/ban) to higher secrecy (partial/full), researchers reported larger industry sponsorship shares. Higher secrecy was reported more frequently by researchers affiliated with applied public research organizations such as the Fraunhofer Society and Helmholtz
Association. Among the science fields, the proportion who reported partial or total secrecy on publishing is greatest in engineering. Our regression analysis begins by analyzing a binary "publication withholding" outcome that indicates whether a researcher who was supported by any extramural sponsor experienced any type of publication delay or secrecy. Model A in Table 4 shows the results of a basic Probit regression that ignores selection into extramural funding. Model B controls for selection into extramural funding (see e.g. Wooldridge, 2002 : 570, for technical details). 12 Holding the size of the researcher's extramural budget constant (as well as other factors), the share of industry sponsorship significantly increases the probability of publication delay or secrecy in both models. The correlation across equations in Model B, reported at the bottom of the table as ρ, is negative and significant which indicates selection into extramural funding is important. After controlling for selection, the coefficient estimate on industry share is 16.6% smaller but still highly significant.
The estimation results from Model B indicate that both the adoption and intensity of industry sponsorship are associated with greater publication withholding. The adoption effect is given by the difference in the expected probability of experiencing publication withholding between industry and non-industry sponsored scientists conditional on selection into extramural funding. If an academic scientist were to switch to the group with industrial sponsorship, his or her expected probability of publication withholding would more than double from 0.185 to 0.437 and this difference is statistically significant at the 1% level. 12 We consider the selection decision into any extramural funding as most appropriate because non-industry sources of support also involve non-trivial choices about publication delay and secrecy as show in the appendix. Moreover, it is consistent with the multi-sponsor nature of extramural funding described earlier in the section. Table  A .3 of the appendix shows the regression results that control for selection into industry funding. To examine the intensity effect, we analyze the difference in the expected probability of publication withholding within the group of industry sponsored scientists. We calculate and compare the expected probabilities at two points in the industry share distribution. In the sample, industry sponsored scientists in the lowest decile get 5% or less of their research budgets from industry while those scientists in the highest decile get 70% or more. With industry share fixed at 5%, the expected probability of experiencing publication withholding among industry sponsored scientists is 0.338. At a 70% share, this probability increases to 0.622 and the difference is significant at the 1% level. These results support concerns that adopting industry sponsorship and having greater exposure to ex post review and evaluation both undermine the norms and practices of open science and may jeopardize the cumulative nature and reliability of public scientific and technical knowledge.
It is also informative to examine how other covariates influence publication delay or secrecy while holding other factors constant, including industry share. A larger extramural budget is associated more publication withholding. This result indicates that delay and secrecy restrictions are also imposed by other sponsors. For instance, publicly supported research may be restricted if it is judged by the government agency to contain sensitive findings or confidential information. From Model B, research characteristics and institutional affiliations matter even after controlling for selection into sponsored research. A researcher who is a group leader or had more journal publications is less likely to experience delay or secrecy restrictions. Group leaders and productive researchers are likely to value disclosure more and possess more bargaining power with extramural sponsors. This is consistent with Audretsch et al. (2010) who found group leadership to be associated with more cooperation experience and planned cooperation with private companies. In Model A, academic scientists who have formal consulting relationships with industry are more likely to experience publication withholding, although this effect disappears when selection into funding is taken into account. Researchers who submit more patent applications are more likely to restrict publications through either delay or secrecy.
With regard to institutions and science fields, those affiliated with the Fraunhofer Society, Helmholtz and Leibniz Associations are more likely to experience publication delay or secrecy relative to university researchers. Given our data, we cannot distinguish between an institutional "management" effect, reflecting the strength of the technology transfer capabilities at these institutions, versus an institutional "focus" effect, reflecting the relatively applied orientation of research at these institutions. As emphasized by Dasgupta and David (1994) , alternative institutional settings can influence a researcher's choice about disclosure and our results highlight the need for further research into these relationships. As described in Section 2, most of the literature has focused on researchers in the life sciences and its subfields. Looking at Model A, our results indicate that the life scientists are not significantly more likely to experience delays or secrecy on publications relative to the base group of academics in social sciences/humanities. Only engineering researchers are more likely to experience these publication restrictions. Interestingly, after controlling for selection into extramural sponsorship in Model B, engineering researchers are no longer significantly different from social scientists.
Beyond the combined outcome of publication withholding, it is also possible that industry sponsorship has different adoption and intensity effects on delay versus secrecy. To examine this possibility, we re-estimated the models discussed above using delay and secrecy as separate dependent variables. For both outcomes, as reported in Tables 5 and 6 , industry share is positive and significant at the 1% level and controlling for selection reduces the size of the industry share coefficients as expected. The adoption effect for each of the outcomes is quite 20 similar. Industrial sponsorship increases the expected probability of delay from 0.14 to 0.33, a difference that is statistically significant at the 1% level. For secrecy, the adoption effect also leads to a statistically significant difference by increasing the expected probability from 0.112 to 0.35. For each outcome, the intensity effect is positive and significant at the 1% level; however, greater exposure to ex post review and evaluation by industrial sponsors produces a larger effect on publication secrecy than it does on delay. Increasing the share of industry sponsorship from 5% to 70% increases the expected probability of publication secrecy by 0.30 while it increases delay by 0.21.
With the exception of a few control variables, the results for the separate delay and secrecy outcomes are quite similar to those found using the combined publication withholding outcome. One covariate that shows a differential effect is consulting with industry. As seen in Table 4 , consulting is significantly related to publication delay even after controlling for selection into extramural sponsorship, but not significantly related to publication secrecy. This suggests that academics who consult primarily face publication delay restrictions. Among the scientific fields, natural scientists experience significantly less delay than social scientists while engineers experience significantly greater secrecy. Acting to balance the potential costs of disclosure restrictions are the benefits to academic scientists from interacting with industry sponsors, gaining access to greater resources, and obtaining commercialization opportunities such as licensing. While our results suggest that adopting industry sponsorship will significantly increase the chances of publication delay and secrecy, it may still be the case that industry sponsorship allows scientists to increase their overall volume of publication output. Even with delay, it is a "net increment" to the stock of knowledge if a new article gets published that would not have been completed otherwise. For partial secrecy, even with a larger knowledge stock, the value of the net increment is smaller because withholding information may decrease the quality of the publications so that replication 24 is not possible. This diminishes the reliability of the public stock of knowledge. For complete secrecy, there is no contribution to the public knowledge stock and academic scientists are completely diverted to proprietary research. make a similar point about the volume of publication in their analysis of how licensing income might influence faculty research output and the stock of knowledge.
Inferring from their simulation results, industry sponsorship should lead to a higher ratio of applied to basic research, but more importantly, its effect on the stock of knowledge depends on whether the industry supported "applied" research is published or not. Cross-sectional evidence generally supports the idea that adoption of industry sponsorship increases academic publication volume, although none of these studies examine the relative quality of these industry sponsored publications (Blumenthal et al. 1986; Godin and Gingras 2000; and Gulbrandsen and Smeby 2005; Manjarres-Henriquez et al. 2009 ).
While disclosure restrictions from adopting a small share of industry sponsorship might not be large enough to offset an increase in publication volume, our analysis suggests the intensity effect due to an increasing share of industry sponsorship is a more serious threat to research output and the stock of knowledge. When industry finances a large share of a scientist's research budget, the likelihood of publication secrecy increases more than the likelihood of delay. The implication is that any beneficial effects of industry sponsorship on publication volume are likely to disappear. Current evidence in the literature is consistent with greater secrecy. Blumenthal et al. (1996) found that publication output was lower for American scientists who obtained more than two-thirds of their budgets from industrial sponsors. Based on panel data for a sample of UK faculty in engineering, Banal-Estanol et al. (2011) found that some industry collaboration increases publication output, but publication output falls as the fraction of research grants with 25 industrial partners increases. For a sample of German academic scientists, Hottenrott and Thorwarth (2011) find that both publication output and the number of citations to those publications fall as the share of industry sponsorship increases (also see Manjarres-Henriquez et al. 2009; Schmoch and Schubert 2009) .
From the contractual perspective offered here, the decrease in publication output reflects greater ex post review and evaluation by industry sponsors because the research is judged to be more commercially valuable. It is unlikely to represent a diversion to "applied" research since this research is easily published in professional journals. As suggested by Toole and Czarnitzki (2009) , the decrease in publications could also reflect less effort devoted to scientifically-driven opportunities as a result of more involvement with industry (also see Toole and Czarnitzki 2010) .
Their interpretation cannot be ruled out based on the data and analysis presented here.
Our microeconomic evidence provides a lens for interpreting the on-going aggregate shift in institutional financing that supports academic research. As revealed in Figure 2 , country-level OECD data show the share of industry sponsorship is generally rising, although not universally or monotonically. Our researcher-level evidence from Germany suggests the aggregate shift does not simply represent the substitution of private money for public, but involves a real change in when (or if) academic research findings, methods, and materials are publicly disclosed. This interpretation is consistent with prior research that examined researchers working in a handful of science fields at American universities. It appears the adverse effect of industry sponsorship on disclosure of academic research is not country specific or university specific. 27 have changed their internal allocation rules to reward greater extramural funding (Schmoch and Schubert 2009; Laudel 2006b ). While these changes may be legitimate responses to budgetary pressure, more research is needed to understand how country-level and institution-level characteristics influence the conduct and output of academic researchers.
Conclusion
This analysis finds that industry sponsorship is associated with changes in the disclosure behavior of academic researchers. In line with the literature, we argue that academic scientists who adopt industry sponsorship are subject to more stringent contract terms that restrict publication disclosure through delay and secrecy. Controlling for scientist selection, the results
show that the expected probability of experiencing these restrictions more than doubles when moving to industry sponsorship. Adding to the literature, we argue that incomplete contracting due to the nature of research output allows for greater ex post review and evaluation by industrial sponsors. Publication delay and secrecy should increase with a scientist's financial share of industrial sponsorship as this share reflects his or her exposure to ex post review. Controlling for scientist selection, this intensity effect is positive and significant with a larger effect on publication secrecy than on publication delay.
Our data on German academic researchers supports the perspective that industry sponsorship jeopardizes public disclosure of academic research. Firms expect proprietary benefits from their sponsorship relationships and realizing these benefits often requires disclosure restrictions that academic researchers would not otherwise impose. While we cannot unequivocally state that our methods identified causal relationships, our empirical analysis offered significant advances in this direction.
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The challenge facing policymakers is to gauge the impact of disclosure restrictions on the quantity, quality, and evolution of academic research to better understand how these restrictions may ultimately influence innovation and economic growth. This is a significant challenge and our study only lays the groundwork for more research. Before policy recommendations can be made numerous follow-on questions must be answered. A second reason to view selection into any extramural sponsorship as the relevant decision node is the multi-sponsor nature of extramural funding. Once a researcher decides to seek extramural support, he or she can choose to pursue a variety of alternative sponsors. Our survey data show that academic researchers with any extramural sponsorship have an average of 2.1 different sponsor types and those with industry funding have an average of 2.7 different sponsor types.
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Focusing only on selection into industry funding would not account for the multi-sponsor nature of the researcher's extramural funding decision.
These arguments notwithstanding, we re-estimated the regression models for publication withholding using the subsample of academic researchers who received at least some industry funding. In Table A .3, Model A shows the results of a Probit regression that ignores selection into industry funding. Model B controls for selection into industry funding. Holding other factors constant, the level of industry sponsorship significantly increases the probability of publication delay or secrecy in both models. The correlation across equations in Model B, reported at the bottom of the table as ρ, is negative and significant which indicates selection into industry sponsorship is important. After controlling for selection, the coefficient estimate on industry share is 32% smaller, but still highly significant. 
